Prevalences of overweight and obesity have increased at epidemic rates across the world. In 2008, WHO estimated that 1?5 billion adults globally were overweight, 500 million of whom were obese (1) . The high level of obesity and overweight is a great public health concern as it is associated with a number of chronic diseases (2) (3) (4) (5) (6) . Recent estimates indicate that 44 % of the diabetes burden and 23 % of IHD are attributable to overweight and obesity (1) . In addition, 2?8 million adult deaths each year are attributable to overweight and obesity (1) . The rapid increase in wealth of oil-rich countries of the Arabian Gulf has been associated with rapid increases in the prevalence of obesity, diabetes and CVD. These biological changes resulting from alterations in diet, physical activity and body composition are reported to be occurring at far greater speed and at earlier stages of economic and social development than in Western countries and may reflect unique issues related to changes in body composition or to genetic factors including the disease and obesity relationship (7) . Simultaneously, Westernization through media exposure that equates thinness with attractiveness, as well as increased awareness of the health risk of obesity, has led to disordered eating behaviour in some population sectors, particularly in young women (8) .
Kuwait instituted a National Nutrition Surveillance System (KNNS) in 1998 after nationwide surveys showed that the prevalences of obesity, diabetes and CVD were increasing at rates far beyond those of most countries (9) (10) (11) . A 22?7 % increase in obesity prevalence was observed among Kuwaiti adults at primary health-care clinics between 1980-1981 and 1993-1994 (9) . A recent review of studies from the region reported positive trends in overweight and obesity throughout the Arab and Gulf States (10) with Kuwait showing a continuation of the increase in 1994 overweight and obesity prevalence into 2006. A major limitation in that analysis was the ignoring of potential confounding factors such as differences in age distribution, lifestyle or education. The present study was carried out to determine 12-year trends in overweight and obesity during and after this period, and to examine factors that may have contributed to variation in prevalence in Kuwaiti adults.
Materials and methods

Study population
Data were collected as part of the KNSS for years 1998 through 2009. The Nutrition Administration of the Ministry of Health established the KNSS to continuously monitor the nutritional health status of the Kuwaiti population using a serial cross-sectional design. The analysis was restricted to adults aged 20 to 69 years who attended mandatory health examinations for registration for government employment or pensions (12) . All Kuwaiti citizens have virtually guaranteed employment and enjoy a retirement pension. According to the Public Authority for Civil Information, 80 % of employed Kuwaiti males and females worked in the public sector in 2009. To ensure representative samples, data were also collected from attendees at mandatory Hajj Pilgrimage health check-ups and from parents accompanying children for mandatory immunizations at local health centres. Informed consent was sought from each participant before data were collected. Refusal rates were very low. The study was approved by the Ministry of Health, Kuwait.
Surveillance efforts began in 1998 with assessment of body weights and heights to estimate the prevalence of overweight and obesity by BMI, together with information on age, gender and education level. Education level was determined by asking participants whether they were illiterate, or had completed primary, intermediary, secondary, diploma, undergraduate or postgraduate levels. Subsequently, information on smoking and exercise were added in 2003. As Kuwaitis are generally engaged in office work that involves only sedentary activities and do little household work, physical activity was defined as deliberate non-work-related exercise outside the home such as walking, running, cycling or swimming. Those who smoked cigarettes, sheesha (water-pipe) and/or cigars at least once daily were defined as smokers.
Data collection
Body weight and height were measured in light clothing without shoes. Height was measured to the nearest 0?1 cm, using a stationary height board. Body weight was measured to the nearest 0?1 kg using an electronic balance (Seca model 770 (13) . Participants were divided into groups, either on the basis of prior logical categories or to produce a sizeable number in each group. For age, participants were divided into five groups: 20-29, 30-39, 40-49, 50-59 and 60-69 years. For time trend, the 12-year period was divided into six 2-year periods (1998-1999, 2000-2001, 2002-2003, 2004-2005, 2006-2007 and 2008-2009) . Participants' education level was classified into three levels: intermediary or lower, high school and diploma, and undergraduate and above. The Z test was performed for males and females separately to detect differences in the prevalences of overweight and obesity between the subgroups for all factors (age group, time period, education level, smoking and exercise status).
Associations between BMI and study period were determined by multiple linear regression analysis using data stratified by 5-year time segments within each gender and controlling for age and education level. To show the time trend within age groups, data were stratified by age decade within each gender and controlled for age and education.
Trends in obesity and overweight prevalences were examined using multiple logistic regression analysis (enter method) within the six 2-year time periods for males and females separately after adjustment for age and education level. A second model was used to evaluate risk factors associated with overweight and obesity by combining all study years, with age group, education level, exercise and smoking status included as independent variables. Age-specific median BMI and interquartile ranges were significantly higher for females than for males (P 5 0?001) in all age groups, except during the second decade (Fig. 2 ). For males, median BMI increased with age and reached a maximum at the fourth decade, decreasing significantly in the sixth decade. For females, median BMI increased with age until the fifth decade and then declined slightly.
Overweight prevalence increased significantly in males from 35?0 % in the second age decade to 46?9 % in the sixth (Table 1) . Obesity prevalence also increased with age, reaching a maximum (41?0 %) in the fourth and fifth decades, decreasing by 7?1 % in the sixth. In females, overweight prevalence varied from 25?3 % to 35?8 % across age groups, with the highest prevalence in the third decade. Obesity prevalence increased sharply with age, reaching a maximum (67?8 %) in the fifth decade and decreasing by 5?0 % in the sixth. Overall, the obesity rate was consistently higher in females than in males for all age groups.
Obesity prevalence decreased in both genders with increases in education level, while overweight prevalence increased with higher education level ( Table 1) . Males who exercised had a significantly lower prevalence of obesity than those who did not and male smokers had significantly lower prevalences of overweight and obesity than male non-smokers.
Linear regression models for BMI prediction using 5-year time segments within each gender, after adjusting for age and education, showed positive trends for year of study until Logistic regression modelling was used to determine temporal trends in prevalences of obesity and overweight for each 2-year span compared with 1998-1999 after adjustment for age and education level ( Table 3) A second logistic regression model showed that age was independently associated with overweight and obesity prevalences (Table 4) . Compared with the second age decade, the likelihood of obesity in males increased significantly until the fifth decade, then fell significantly in the sixth. Although the trend for overweight between age groups was similar, the decline from the fifth to the sixth decade was not significant. Compared with the second decade, the odds of overweight and obesity in females also increased significantly with age. The highest odds for obesity were observed in the fifth decade, falling in the sixth. In males, the odds of overweight or obesity increased significantly with level of education (Table 4 ). In contrast, the likelihood of both overweight and obesity decreased with level of education in females, except for overweight in high school and diploma graduates. Among males, those who exercised were significantly less likely to be obese and those who smoked were significantly less likely to be overweight.
Discussion
As expected, there were significant positive temporal changes in unadjusted prevalences of overweight and obesity in the 12 years since 1998 in both Kuwaiti males and females. The combined prevalences of overweight and obesity in 2008-2009 of males and females were similar and alarmingly high (77 %), but obesity prevalence was significantly higher in females and overweight prevalence higher in males across all age decades and time periods. Increases in obesity prevalence have been reported for all Gulf countries (10) . A similar gender differential has also been reported in other studies in the Arab Gulf region (10, 14) . Further, we found that the prevalence and odds of obesity as well as BMI increased with age until the fifth decade in both males and females and then declined, similar to age-related changes reported in Saudis (15) and Iranians (16) . Stratification by gender and adjustment for age and education in a logistic model showed that overweight and obesity prevalences in both males and females increased (17) , but with lower prevalence of overweight and obesity, possibility reflecting an early stage in the economic transition.
Further, linear regression analysis of data stratified by gender and age decade revealed a positive temporal trend for both genders that was significant only for the second and third decades for males and the second decade for females. Longitudinal studies in Iran have also shown that males in the second decade have the highest rate of increase of obesity prevalence (18) . The temporal increase in BMI of young females suggests that Western ideals for thinness and better appearance or concerns for a healthy body weight have not had a strong influence among the young Kuwaiti females within this time period, unlike reports coming from Lebanon (19) and Qatar (8) . In the present study, we also identified factors that are independently associated with overweight and obesity using gender-stratified logistic regression modelling. Although BMI is a well accepted indicator for overweight and obesity for national surveillance and comparison of international data (20) , and is highly correlated with percentage of body fat (21) , it does not distinguish between lean tissue and adiposity. For this, waist circumference is known to be a better indicator (21) , but is very difficult to determine in this population (modesty, clothing style) and therefore is not collected throughout the region. As a result, obesity prevalence estimates from the present study should be interpreted with caution.
The likelihood of obesity increased with age until the fifth decade for both males and females, and then declined significantly for males. Similar results have also been reported in Iranian populations (16) ; the prevalence of obesity increased in both males and females until the sixth decade and then decreased. It was also found that females exceeded males in obesity prevalence across all age groups. Several factors could be responsible for this decrease with age: older people may adhere to traditional lifestyles that reduce obesity, people who were most obese died young from obesity-related illnesses, and/or subclinical illnesses reducing appetite. However, we do not have information to support any of these factors.
Gender differences in the effect of level of education, with highly educated females having lower odds for obesity or overweight while highly educated males had higher odds, cannot be entirely explained with this data set. Both studies in Iran (16) and from 1993-1994 in Kuwait (9) noted an inverse relationship between the likelihood of obesity and level of education for both genders that was most pronounced for university graduates.
Only in males, smoking was significantly negatively associated with the prevalence of overweight (although not with obesity). This stronger association of smoking in males might be explained by the higher intensity of smoking by Kuwaiti males (22) . Tobacco use is known to be associated with appetite suppression (23) and previous studies have also reported a lower BMI in smokers (24) . However, the higher waist-to-hip ratio in smokers suggests smokers may have a metabolically adverse fat distribution profile (25) . Males who exercised were significantly less likely to be obese. Kuwaitis who participate in even moderate exercise have been shown to have delayed weight gain with age (26) . Further, the differential effect of exercise in males and females could be due the more vigorous exercise levels of Kuwaiti males (27) . Earlier studies in Kuwait have suggested that increased consumption of foods rich in fat and energy and sedentary lifestyles were responsible for the sharp rise of obesity (28, 29) . Unfortunately, neither in the present study nor any other study in Kuwait has information on recent food consumption or exercise patterns of the population been gathered, making it difficult to explain the apparent downward trend in the obesity prevalence in recent years especially among older females.
It is noteworthy that in the present study we did stratification of data by age and year of study, which might reduce the likelihood of a significant effect in a subset due to a relatively smaller group size. However, there are distinct advantages to stratification since confounding variables may be affecting one subset more than others and stratification can pinpoint these differences. It certainly is important to identify confounders/related factors for the older subset (presence of disease, treatment of disease) that could account for the difference in time trend, just as it is important to determine what has contributed to the continued increase in obesity of those in their twenties. These confounders are likely to be different for each age group.
While efforts were made to obtain representative samples, the KNSS uses a convenience sampling and thus may not be representative of the wider population. Nevertheless, it is a strength of our study that it included a nationwide sample of more than 38 000 individuals from an adult population of approximately 600 000 and it is unlikely that the situation will be different from what is reported here.
Conclusions
A temporal increase in obesity occurred in Kuwaiti adults between 1998 and 2009 that was smaller than has been frequently reported for this region. It reflected a composite trend involving specific time period, age group, gender, and education level and lifestyle variables. Although a positive trend did occur for both genders, it did not occur in each age decade or every 5-year time period; nor was the trend affected in the same manner for each gender by education level, smoking or exercise. However, given the cross-sectional nature of the study, no causal relationship of sociodemographic and lifestyle factors with overweight and obesity prevalence can be established. Further studies are needed including measurements of intensity and duration of exercise, smoking and diet to confirm possible trends in prevalence of overweight and obesity in relation to factors affecting them.
